Running head: Waist circumference and sedentary behavior in school youth Number of words: 3309 (without tables, references and acknowledgement) Number of table: 2 ABSTRACT Background: Research on relationships between lifestyle behaviours and adiposity in school youth is potentially important for identifying subgroups at risk. This study evaluates the associations among waist circumference (WC) and objective measures of sedentary behaviour (SB) in a sample of rural school adolescents. Methods: The sample included 254 youth (114 males, 140 females), 13-16 years of age, from rural regions of the Portuguese midlands. Height, weight, and WC were measured. Cardiorespiratory Fitness (CRF) was assessed with the 20-m shuttle-run test. A uniaxial accelerometer (e.g. GT1M) was used to obtain five consecutive days of physically activity (PA) and SB. Multiple linear regression was used to test associations between WC and SB, adjusted for several potential confounders (age, sex, PA, CRF, parental education).
Residents in rural communities with relatively low population densities often have limited access to health services per se and to a variety of specialized health professionals compared with residents of urban centres 3 . Rural areas are also characterized by socioeconomic and educational and in some instances nutritional inequities that can impact the health of children and adolescents 4, 5 .
Sedentary and physically active behaviours occur in contexts that differ between urban and rural settings. For example, access to playgrounds and proximity to shopping centres are limited in rural areas 6 . Both contexts are important behavioural domains with potential implications for physically active and sedentary behaviours among youth, respectively. They also interact with rearing styles and with social autonomy specifically among adolescents 7, 8 . Some research has indicated higher levels of sedentary behaviours (SB) among rural compared urban youth in the United States 9, 10 . The prevalence of overweight and obesity was also higher among rural compared to urban school youth in the United States 9, 10 , Canada 11 , Portugal 12 and Spain 13 . Note, however, criteria defining urban and rural areas probably vary among countries and perhaps in different regions of a country.
Although obesity has negative health consequences, abdominal obesity and specifically intra-abdominal adiposity, is considered a major health risk. Intraabdominal adipose tissue is related to the production and release of a variety of inflammatory agents 14 . Abdominal obesity is, to some extent, less investigated than general obesity among youth. Nevertheless, waist circumference (WC) is a good predictor of central obesity 15, 16 and is consistently related to cardiometabolic risk factors in youth 17, 18 .
Available research dealing with adolescent lifestyle by geographic context is rather limited. Urban-rural contrasts of physical activity (PA), SB and adiposity have been reported for Spanish 13 , U.S. 10 , Canadian 11 youth. Among Portuguese youth, data indicate higher PA in urban compared to rural youth which was due largely to greater sport participation in urban settings. In contrast, rural adolescents tended to have higher levels of SB than their urban peers 12 .
Given the negative implication of SB and adiposity in health 19 , it is important to address the relationship between abdominal obesity and SB in Portuguese youth, particularly in those subjects from rural communities where that information is quite limited. To the best of our knowledge, there have been no regional studies examining abdominal obesity in relation to objectively measured SB in the Portuguese Midlands where social inequalities relative to urban communities are apparent in health and educational resources 4 . Better understanding of the lifestyles of rural school youth may serve to inform the development of community, educational and perhaps public health programs aimed at improving health status. In this context, the present study evaluates relationships between objectively measured SB and WC in a sample of rural adolescents. It was hypothesized that SB would be positively related to WC in rural youth. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 corresponding educational levels among mothers were 13% and 25%, respectively.
METHODS

Study design and sampling
The project was registered at the Portuguese Commission for Data Protection
[Process #3132006] and approved by the Scientific Committee of the University of Coimbra. Informed written assent was obtained from participants and informed consent was obtained from parents or guardians.
Anthropometry
Measurements were taken by trained research assistants at each school. Height (nearest 0.1 cm) and weight (nearest 0.1 kg) were measured at the schools in the 
Sedentary behaviour and daily physical activity
ActiGraph GT1M accelerometers (ActiGraph TM , LLC, Fort Walton Beach, FL, USA) were used to derive objective assessments of sedentary behaviour (SB) and physical activity (PA). The device has been validated in laboratory and free-living conditions with children and adolescents 23 . Participants wore the accelerometer over the hip for five consecutive days (Thursday through Monday). It was held firmly in place with an elastic belt. Students were instructed to remove the monitor when involved in swimming activities or while showering. At the completion of the five days, the accelerometry data were electronically downloaded using the ActiLife software. The 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 24 , and adjusted for total measured time. MVPA was determined using age-specific regression equations 25 . The cut-points and inclusion criteria have been used in previous epidemiological studies of youth 26 . The output was expressed as average of minutes spent in MVPA, and as counts per minute, consistent with those investigations.
The 254 youth comprising the sample (83% of the initial sample, n=297) were those who met the criteria for inclusion and were used for subsequent analyses. The remaining 43 rural youth failed to achieve 10 hours of registered time on each of the 5 measured days.
Cardiorespiratory Fitness (CRF)
CRF was assessed with the 20-m shuttle-run test 27 and scored as the number of completed "laps". Participants were required to run between 2 lines, 20 m apart using the cadence dictated by a CD emitting beep signals at prescribed intervals. The initial speed was set at 8.5 km/h for the first minute and was increased by 0.5 km/h each subsequent minute. The test provides a valid and reliable field measure of VO 2max in children and adolescents 27, 28 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (2) 10-12 years -secondary, and (3) higher education)]. The educational levels defined three socio-economic categories: 1=Low (LE); 2=Middle (ME) and 3=High (HE).
Similar procedures have used in the Portuguese context 29, 30 .
Statistical analysis
Means and standard deviations (SD) were calculated for all variables. Prior to analysis, tests for normality were conducted on the indicators of SB, habitual PA (counts per minute) and moderate-to-vigorous PA (MVPA). PA measures were not normality distributed; log transformation (log10) was used in the analysis. Sex-specific descriptive statistics were calculated for age, height, weight, WC, MVPA, CRF, SB, PA and MVPA. One-way analysis of covariance (ANCOVA) was used to test the effect of gender, controlling for chronological age. Since individuals who are awake more hours in a day tend to have more time to be sedentary, measured time was also used as covariate in analyses of SB. All ANCOVAs were followed with Bonferroni-corrected post hoc tests.
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RESULTS
Characteristics of the sample stratified by sex are summarized in Table 1 . Based on the BMI, weight status of the sample was as follows: boys -79% normal weight, 16% overweight, 5% obese; girls -76% normal weight, 19% overweight, 5% obese. Height and weight were, on average, significantly greater in boys than in girls, but the sexes did not differ in chronological age and WC.
Rural boys spend significantly more time than girls in PA and MVPA on both week and weekend days, whereas girls spend significantly more time than boys in SB on week days and the total of five measured days. The sexes do not significantly differ in SB on weekend days. Boys also have significantly higher levels of CRF than girls. Table 2 . SB was not significantly associated with the WC, neither in the unadjusted model (β=0.014; 95% CI, -0.08 to 0.11) nor after adjustment for all potential confounders (model 4) (β=0.03; 95% CI, -0.08 to 0.14). In the final model, the unique significant predictor of the WC was cardiorespiratory fitness (β=-0.82; 95% CI, -1.02 to -0.62); rural adolescents with higher levels of CRF presented lower WC rates compared to less fit adolescents.
Results of the regression analyses are summarized in
DISCUSSION
Several studies have examined relationships between indicators of adiposity and SB in adolescents 31, 32 . However, systematic evaluation of the independent contribution of WC to time devoted in sedentary activities in rural school youth and perhaps other 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Moreover, that trend was not altered after adjustment for several potential confounding factors, including MVPA.
Previous studies have suggested that SB and PA should be considered separated behaviours which affect adiposity and metabolic variables in the paediatric population in different ways [32] [33] [34] . The physiological link between SB and WC is apparently supported by unhealthy food habits during periods of SB, e.g., consumption of fried foods and snacks, among other energy-and fat-dense foods 35, 36 first, increased screen time is known to be associated with excessive adiposity in young people 31, 32, 34 and second, it is relatively easy to assess among children and adolescents.
On the other hand, previous studies have consistently reported higher TV viewing among rural compared to urban school peers 10, 37 . Moreover, it has been suggested that 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 38 . The potential positive relationship between SB and obesity in youth (which, however, did not have statistical significance in the present study) is particularly of concern because SB is related to higher metabolic risk; and the effect of SB on metabolic risk is, in part, mediated by its action on adiposity 34 .
TV viewing and computer are commonly used as proxy indicators of daily sedentary time. They are, however, not the only form of SB in school adolescents, who also spend substantial amounts of time sitting in school classes, riding in cars, eating, socialising, reading and studying 39 . School activities contributed 42% of non-screen sedentary time among Australian adolescents while socialising, self-care (mainly eating) and passive transport, 19%, 16% and 15%, respectively 39 . Screen time was also negatively correlated with non-screen sedentary time (r=-0.58) and moderately correlated with total sedentary time (r=0.53). By inference, screen time was only a moderately effective surrogate for total sedentary time in Australian youth who spent, on average, 345 minutes per day in non-screen sedentary time (60% of total sedentary time). In the present study of Portuguese youth, percentages of time in non-screen sedentary activities were 71% and 76% for rural males and females, respectively. Transport to school may be an additional factor that contributes to high levels of SB among rural Portuguese youth. In an earlier study of adolescents from the Midlands, a greater percentage of urban than rural youth walked to school, while a greater percentage of rural than urban youth used public transport 7 . Several studies of children and adolescents have reported that, irrespective of sex, active transportation to and from school was significantly more likely in neighborhoods with better street connectivity, mixed land use and/or higher population densities 40, 41 . More time spent in passive 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Although time spent outdoors is positively related PA in school youth 43 , less access to sport facilities in rural communities may be a factor which contributes to higher levels of SB. Further, neighborhoods with recreational facilities and infrastructure for walking and cycling are important predictors of active behaviors 44 . It is possible that rural adolescents were more likely to be sedentary due in part to limited access to sport/recreational facilities and community infrastructure. Unfortunately, community facilities and infrastructure were not considered in this study.
On the other hand, the final statistical model of the present study revealed that rural adolescents with higher levels of CRF presented lower WC compared to less aerobic fit adolescents. This observation was consistent with previous studies that documented low levels of CRF as strongly and independently associated with high adiposity as indicated by BMI and skinfolds thicknesses 45 and waist circumference 46 .
Since the 20-m shuttle-run test is part of Portuguese physical education curriculum, schools are important in the identification of adolescents at high-risk overweight/obesity and/or low CRF, and in providing resources for specific programs targeting these youth in order to enhance CRF. Collectively, the studies highlight the importance of increasing CRF as a preventive strategy among adolescents.
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